An angular analysis of B 0 ! J͞cK ‫0ء‬ and B 0 s ! J͞cf has been used to determine the decay amplitudes with parity-even longitudinal (A 0 ) and transverse (A k ) polarization and parity-odd transverse (A Ќ ) polarization. The decays B 0 ! J͞cK ‫0ء‬ and B 0 s ! J͞cf are pseudoscalar to vector-vector decays and, in principle, have three decay amplitudes which can be determined by studying the angular distributions of the final state particles. These decays can have orbital angular momenta between the J͞c and K ‫ء‬ (or f) of 0, 1, or 2, and three decay amplitudes govern these transitions. Another convenient description is given in the transversity basis [1, 2] in which the decay amplitudes are defined in terms of the linear polarization of the vector mesons. In this basis the L 1 (P wave) decays are governed by a single decay amplitude, A Ќ , corresponding to a parity-odd correlation between transversely polarized vector mesons. The other two decay amplitudes, A 0 and A k , are combinations of the parity-even L 0 and L 2 (S and D wave) decays. The longitudinal polarization fraction, as is commonly defined in the helicity basis [3] , is given by G L ͞G jA 0 j 2 . Determination of the decay amplitudes and phases probes the limitations of the factorization hypothesis [4] . Factorization assumes that a weak decay matrix element can be described as the product of two independent (hadronic) currents, in this case treating the J͞c and B ! K ‫ء‬ (f) as currents. To the extent that factorization holds, final state interactions are negligible. The matrix elements factorize into short and long distance (weak and strong) parts and the polarization decay amplitudes do not interfere and so are expected to be relatively real.
A measurement of the parity-odd amplitude, A Ќ , is pertinent to studies of CP invariance. For example, if the decay
were to occur mainly through either a parity-odd or even amplitude, then this mode could be used [1, 5] [2, 7] .
The longitudinal polarization in B 0 ! J͞cK ‫0ء‬ was first measured by ARGUS [8] as ϳ1.0 followed by a CLEO [9] measurement of 0.8 6 0.2 and a CDF (Collider Detector at Fermilab) measurement [10] of 0.65 6 0.11. A full angular analysis by CLEO [11] [10] .
CDF is a general purpose detector and has been described in detail elsewhere [12] . For this analysis important elements of the detector are the silicon vertex detector, with track impact parameter resolution of 10 mm, and the drift chamber, with charged particle momentum resolution of dp T ͞p T ϳ 0.001p T , where P T (in GeV͞c) is the component of the momentum transverse to thepp collision axis. Chambers for muon detection provide coverage for particles with direction within 40 ± of the transverse direction.
The event sample for this measurement is selected by online trigger and offline reconstruction criteria. The trigger signature is the decay of a J͞c to two muons. Hits in the muon chambers forming a track segment consistent with a nominal muon transverse momentum P T . 3.0 GeV͞c satisfy the first level of the trigger. Candidate muon track segments must be separated by more than 10 ± in the plane transverse to the collision axis. The second level requires drift chamber tracks, with P T . 2 GeV͞c, which extrapolate to the track segments in the muon chambers. The third level accepts J͞c candidates with a reconstructed mass between 2.8 and 3.4 GeV͞c 2 . The offline reconstruction first selects J͞c candidates. Two muons of opposite charge satisfying quality requirements are combined into a J͞c candidate. A kinematic fit requiring the muons to originate from a common vertex is performed, and the confidence level of the fit is required to be at least 0.01. This results in a sample of about 290 000 candidate J͞c's.
Of these, candidates within 80 MeV͞c 2 of the J͞c mass (3096.88 MeV͞c 2 ) [13] are then combined with two oppositely charged tracks that form a
s ! J͞cf) decays. CDF lacks the particle identification capability to distinguish between the two K-p charge assignments for a K ‫ء‬ candidate. However, the mass distribution for misidentified candidates is broader than the natural width of the K ‫ء‬ and their contribution is largely suppressed by choosing the assignment yielding a K ‫ء‬ mass closer to, and within 80 MeV͞c 2 of, the world average (896.1 MeV͞c 2 ). To further improve the signal-to-noise ratio, the B 0 candidate is required to have P T . 6.0 GeV͞c, with the K ‫ء‬ having P T . 2.0 GeV͞c. All four particles from the B 0 decay are required to come from a common "secondary" vertex, with the confidence level of the fit being greater than 0.001. The proper decay length (c 3 proper decay time) for the B 0 is required to be at least 100 mm. The resulting Kpm 1 m 2 mass distribution is plotted in Fig. 1(a) .
For the B 0 s decay, the f candidate is required to have a mass within 10 MeV͞c 2 of the nominal f mass (1019.4 MeV͞c 2 ). The narrow natural width of the f provides for better background rejection than the K ‫ء‬ .
In order to compensate for the lower expected yield of B 0 s events, looser requirements are imposed: transverse momentum cuts of 1.5 GeV͞c and 4.5 GeV͞c are applied to the f and B 0 s candidates. The confidence level of the four-track fit is again required to be greater than 0.001, and the proper decay length is required to be at least 50 mm. The resulting KKm 1 m 2 mass distribution is plotted in Fig. 1(b) .
The linear polarization of the vector mesons is determined from the angular distribution of the final state decay products. The decay angles are defined [2] as Q K ‫ء‬ , Q T , and F T . In the rest frame of the K ‫ء‬ , Q K ‫ء‬ is the angle between the K momentum and the direction opposite the B meson (for the f, the K 1 defines the angle). The transversity angles, Q T and F T , are defined in the J͞c rest frame: Q T is the angle between the m 1 momentum and the perpendicular to the K ‫ء‬ -K plane; F T is the azimuthal angle from the K ‫ء‬ to the projection of the m 1 momentum onto the K ‫ء‬ -K plane. The decay angular distribution is [7] :
Normalization of the distribution to unity implies jA 0 j 2 1 jA k j 2 1 jA Ќ j 2 1, and an unobservable phase is removed by requiring arg͑A 0 ͒ 0. This leaves four measurable quantities: the polarization fractions, G L ͞G jA 0 j 2 and G Ќ ͞G jA Ќ j 2 , and the phases of the matrix elements, arg͑A k ͒ and arg͑A Ќ ͒. CP invariance has been assumed throughout for the decay amplitudes.
The last two terms of the angular distribution have opposite signs for particle and antiparticle decay. The B eigenstates have different lifetimes and in this case there can also be a CP violating contribution which is expected to be small (few percent) due to B 0 s 2 B 0 s mixing in the standard model [7] . The small statistics of the B s sample is such that the current measurement is not sensitive to a lifetime difference. The matrix elements are extracted by fitting the observed decay angular distribution. The fit is performed over the decay angles and the B candidate mass range covered in Fig. 1 . To account for detector acceptance and selection criteria, Monte Carlo events are generated with detector and trigger simulations and processed by the same reconstruction software used on the data. The fit method uses an unbinned log-likelihood with the normalization depending on the parameters in the fit [14, 15] .
The background is modeled by a sum of polynomial terms of cosQ K ‫ء‬ and cosQ T , and sines and cosines of F T and 2F T . The background angular distribution is determined from the events on both sides of the B meson mass peak.
Additional terms are included in the angular distribution to account for the residual probability (ϳ6%) of misidentifying the final state hadrons in the selected B 0 ! J͞cK ‫0ء‬ decays. Events reconstructed under the wrong hypothesis will yield incorrect decay angles having a distribution different from, but fully correlated with, the polarized decay distribution. The augmented likelihood function corrects for the effect based on the kinematics as determined from Monte Carlo. The results from the global fit are illustrated in Fig. 2 . The independent variables are functions of the transversity angles: cosQ K ‫ء‬ , cosQ T , and F T . The points are the background subtracted projection of the data corrected for detector and reconstruction efficiencies. The superimposed curves are derived from the results of the global fit.
Sources of systematic uncertainty are, in order of importance, the model of the background shape, Monte Carlo B generation parameters, trigger simulation, and B 0 -B 0 s cross talk. The last two are found to have negligible contribution. The uncertainty of the final result is still dominated by the statistics of the event sample [14] .
The underlying background shape is not known from first principles. To estimate the systematic uncertainty from the background modeling, multiple fits with different parametrizations of the background decay angles were studied. Different models of the shape are sensitive to different inaccuracies of the background shape function, and the spread in the fitted values is used to estimate the sensitivity to possibly unaccounted structure.
The input parameters to the Monte Carlo generation of B mesons are the b quark mass and generation mass scales, the parton distribution functions, and fragmentation parameters. The effect on the measurement is determined by varying the parameters by their nominal uncertainties and refitting for the decay amplitudes. Systematic uncertainties due to the modeling of the trigger selection criteria are studied in a similar fashion.
The similarity of the decay kinematics for the B 0 and B The final results of this analysis are summarized in Table I , and are illustrated in Fig. 3 . For the B 0 ! J͞ cK ‫0ء‬ the magnitudes of decay amplitudes are in good agreement with the results from CLEO [11] . The longitudinal polarization fraction dominates: G L ͞G jA 0 j 2 0.59 6 0.06 6 0.01 and the parity-odd fraction is small: G Ќ ͞G jA Ќ j 2 0.13 10.12 20.09 6 0.06. In contrast to the CLEO result, the CDF measurement for the phase of A k favors the presence of strong final state interactions, inasmuch as arg͑A k ͒ is not close to 0 or p. However, the results from the two experiments are not inconsistent, given their uncertainties. The results for the B are the first available from a full angular analysis. The B 0 s results also show a dominant longitudinal polarization fraction G L ͞G jA 0 j 2 0.61 6 0.14 6 0.02 and a small parity-odd fraction: G Ќ ͞G jA Ќ j 2 0.23 6 0.19 6 0.04, consistent with the B 0 results and SU(3) flavor symmetry.
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